This paper presents a comprehensive assessment of the observed influence of the global ocean on U.S. precipitation variability using the method of Generalized Equilibrium Feedback Assessment (GEFA), which enables an unambiguous attribution of the influence from multiple ocean basins within a unified framework. The GEFA assessment based on observations for 1950-99 suggests that the tropical Pacific SST variability has the greatest consequence for U.S. precipitation, as both ENSO and meridional modes are associated with notable responses in seasonal mean precipitation. The anomalously cold tropical Indian Ocean is a good indicator for U.S. dry conditions during spring and late winter. The impact of North Pacific SST variability is detected in springtime precipitation, yet it is overshadowed by that of the tropical Indo-Pacific on seasonal-tointerannual time scales. Tropical Atlantic forcing of U.S. precipitation appears to be most effective in winter, whereas the northern Atlantic forcing is likely more important during spring and summer.
Introduction
Numerous papers have been published on oceanic regulation of U.S. precipitation variability, with most of them devoted to providing evidence for one or a couple of ocean-U.S. connections. To evaluate the relative importance and gross impact of the oceanic forcings from multiple basins, one needs to consider them within a unified framework. A recent tendency to employ numerical models (e.g., Hoerling and Kumar 2003; Schubert et al. 2004 Schubert et al. , 2009 Seager et al. 2007; Shin et al. 2010) in tackling this issue reflects the consensus that climate modeling has the upper hand, as the models yield a dynamically integrated effect given any combination of SST forcings. However, because of inherent model deficiencies, results often vary considerably among model assessments (e.g., Schubert et al. 2009 ). Observational assessment, therefore, is vital for evaluating the model performance, but it has been hampered by difficulty with unambiguously accounting for SST forcings that interact with each other in a complex way.
Recently, Liu et al. (2008) developed the Generalized Equilibrium Feedback Assessment (GEFA) method Liu and Wen 2008) and demonstrated its ability to exclusively identify the impact of each SST forcing within a unified linear framework. Using the GEFA method, Wen et al. (2010) studied the impacts of global SST variability on geopotential height (GHT) in observations. They showed that the GEFA distinguishes the impact of the North Pacific from that of the tropical Pacific when the interrelated North Pacific and tropical Pacific SST indices are input simultaneously. It further isolates the impact of the tropical Indian Ocean as the correlated tropical Indian SST index is introduced. Thus, the GEFA is able to distinguish the impacts of SST forcings with no need to explicitly filter their interactive effect. In assessing global ocean influence when multiple SST forcings with complex interactions [e.g., Vimont et al. (2001) , Alexander et al. (2002) , Deser et al. (2004) , and Zhong et al. (2008) for interaction of the tropical and North Pacific Oceans; Mayer 1997, Giannini et al. (2004) , and Guan and Nigam (2008) for Pacific impact on the Atlantic Ocean; Yu and Lau (2004) and Schott et al. (2009) for Pacific impact on the Indian Ocean; and Tourre et al. (1999) , Xie and Carton (2004) , and Peng et al. (2005) for the interaction of the tropical and North Atlantic Oceans] are under consideration, the GEFA is superior to conventional lagged regression, which requires explicit prefiltering of the interactive effect.
As a follow up to Wen et al. (2010) , we use the GEFA to study the influence of global SST variability on U.S. precipitation. This study serves as a first observational assessment of global ocean influence on seasonal-tointerannual U.S. precipitation variability with the hope of providing an observational baseline for comparison with model evaluation. The present work also addresses these pending questions: What is the relative importance of the tropical Atlantic and North Atlantic for U.S. precipitation variability? Is the impact of North Pacific SSTs discernible from that of tropical Pacific SSTs in terms of seasonality and regions affected? Section 2 describes the GEFA method and the observational data used in the study. In section 3, we examine the response patterns of U.S. precipitation to global SST forcings; and in section 4, we evaluate gross oceanic impact on precipitation variability over various U.S. regions. Section 5 contains the summary and further discussions.
Data and diagnostic techniques
The data used here are the monthly mean SST, U.S. precipitation, GHT, and wind. The SST, GHT, and wind fields are taken from the National Centers for Environmental Prediction (NCEP) reanalysis on a T62 Gaussian grid (Kalnay et al. 1996) . The University of Delaware precipitation data (Willmott and Matsuura 1995) are employed for reasonably good data coverage and quality over the United States for the period 1950-99, which is the time period we focus on herein. The precipitation data are binned into 2.58 latitude 3 2.58 longitude grids from the original 0.58 latitude 3 0.58 longitude grids to reduce regional uncertainties. All anomaly fields are obtained by removing the seasonal cycle and then detrended by removing a third-order polynomial fit.
The GEFA is a multivariate generalization of the univariate Equilibrium Feedback Assessment (EFA; Frankignoul et al. 1998; Liu et al. 2006; Notaro et al. 2006a) used to facilitate distinguishing the impacts by interrelated oceanic forcings. A full formulation of GEFA has been demonstrated in Liu et al. (2008) and Liu and Wen (2008) , and it is briefly summarized here.
Assume the atmospheric variability, such as precipitation variability P(t), consists of a stochastic part associated with the atmospheric internal variability N(t) and a SST-forced part B 3 S(t), such that
The SST field S(t) consists of J points, representing J SST indices. Here, B is the response sensitivity matrix with components b j measuring the impact of the jth SST index on the precipitation field. Contemporaneous association of extratropical SSTs and atmospheric variability primarily reflects the atmosphere driving the ocean, requiring that calculations aimed at quantifying oceanic feedbacks to the atmosphere use data with the atmosphere lagging the ocean (Frankignoul et al. 1998; Czaja and Frankignoul 2002) . Therefore, B is derived with atmosphere-lagged covariances as
where t is a SST lead time that is longer than the damping time scale of the atmosphere, C PS (t) is the lagged crosscovariance matrix between precipitation and SST, and C SS (t) is the autocovariance matrix of SST. Discrimination of the impacts by interrelated SST forcings now becomes effortless by singling out each component b j . Here, t is chosen to be 1 month in this study, as t 5 2 months tends to yield similar results. The GEFA response has been related to the EFA response Liu and Wen 2008) as
where A is the EFA response sensitivity matrix with components
measuring the impact of the jth SST index on precipitation using the univariate EFA as if the response was forced entirely by the jth SST, and M is a forcing matrix with elements
reflecting the covariance among SST forcings. The interpretation of (3) is that the EFA response to the jth SST forcing a j is the sum of the contributions from all the SST forcings, with each contribution being the GEFA response b i weighted by m ij (Wen et al. 2010) . In principle, the GEFA can be performed using various forms of SST forcings as long as they are spatially orthogonal. However, it may suffer from a significant sampling error when SST forcings are highly correlated, and thus C SS (t) is ill conditioned, as in the case of gridded SSTs with high spatial resolution. A test with a simple model has shown that the GEFA using SST modes from regular EOF analysis has substantially less sampling error in estimating the feedback matrix B than using original gridded SSTs (L. Fan et al. 2010, unpublished manuscript) .
Because of our intention to discriminate the effects of different ocean basins, and the importance of different combinations of SST anomalies for U.S. precipitation variability (Hoerling and Kumar 2003; Schubert et al. 2009; Shin et al. 2010) , we use regional SST modes, rather than global modes, as the forcing input of (1) and (2). Here, SST modes from regular EOF, rather than those from rotated EOF analysis, are elected since the former are usually those that are the definition of classic SST variability modes, for example, ENSO and the Pacific decadal oscillation (PDO; Mantua and Hare 2002) . Nevertheless, it could be interesting to examine the impact of localized SST variability by performing GEFA with rotated EOF modes (Davis 1984; Mestas-Nunez 2000) as the base, as in Zhong and Liu (2008) .
Following Wen et al. (2010) , the SST indices are the time coefficients associated with the leading EOF modes in each of these five ocean basins: the tropical Pacific (TP; 208S-208N, 1008E-808W), North Pacific (NP; 208-608N, 1208E-808W), North Atlantic (NA; 208-608N, 708W-208E), tropical Atlantic (TA; 208S-208N, 708W-208E), and tropical Indian Ocean (TI; 208S-208N, 358-1208E) . For most basins, the first two leading SST modes stand out from background noise and have a relatively clear physical meaning. So the first two modes are used from each basin, resulting in 10 SST indices. Wen et al. (2010) studied the sensitivity of the GEFA response to the choice in EOF truncation and concluded that the GEFA response is reasonably stable. Indeed, we found that adding the third EOF mode produces largely consistent results. To test the sensitivity to location and size of the EOF domains for the ocean basins, we repeat the analyses but change the EOF domains to the following: (i) TP (258S-258N, 1108E-808W), NP (158-658N, 1108E-1108W), NA (158-658N, 808W-08), TA (258S-258N, 808W-08) and TI (258S-258N, 408-1108E); and (ii) TP (158S-158N, 1008E-908W), NP (258-608N, 1008E-1208W), NA (258-608N, 908-108W), TA (158S-158N, 608W-108E), and TI (158S-158N, 508-1008E). It suggests the GEFA results are fairly insensitive to the location and size of the EOF domains for the ocean basins. Moreover, the results have been essentially reproduced using data for the subperiod 1960-99.
For seasonal mean response, 3-month-averaged SSTs are used in the EOF analysis yielding the SST spatial patterns, on which the original monthly SSTs are projected to derive the corresponding monthly resolved time coefficients. The covariance matrices C PS and C SS are then estimated for each calendar month and next averaged over the season. Here, late winter is defined as January-March (JFM), spring as April-June (AMJ), summer as July-September (JAS), and early winter as October-December (OND). Seasonal mean response is finally calculated by (2) using the averaged covariance. For example, the procedure to derive OND precipitation response is as follows: (i) perform EOF analysis for each basin with OND-averaged SSTs; (ii) derive the 10 SST time coefficients by projecting monthly SSTs onto the spatial patterns resulted from (i); (iii) estimate October C PS with October precipitation and September SST time coefficients, November C PS with November precipitation and October SST, and December C PS with December precipitation and November SST; (iv) calculate OND C PS as the average of October, November, and December C PS ; (v) estimate OND C SS similarly to OND C PS ; (vi) obtain OND precipitation response sensitivity B by dividing OND C PS by OND C SS ; and, finally, (vii) multiply OND precipitation response sensitivity by OND SST standard deviation to get OND precipitation response.
A significance test of B is performed using the Monte Carlo bootstrap approach (Czaja and Frankignoul 2002) . The computation of B is repeated 5000 times, each using randomly scrambled atmospheric time series. Note that atmospheric seasonality is retained, as only the order of the years is changed, not that of the months. Based on the produced accumulative probability, we determine the significance for each element of B (or grid cell) and for the percentage of B elements that are significant at the 90% confidence level, that is, the field significance of B. All precipitation response fields shown here are significant at the 90% confidence level. To help interpret the SST-U.S. linkages, we also calculate the responses in GHT and wind for a dynamic context. Noteworthy is that the GEFA results only provide statistical associations among the fields, not the dynamic causality. Because of the linear nature of the GEFA method, a discussion of the ocean-U.S. connection below applies for both polarities-that is, the reversed phase of the SST mode is associated with the same atmospheric response but with an opposite sign.
U.S. precipitation response patterns to SST mode forcings
In this section, we examine the observed U.S. precipitation response to SST variability in each of the five ocean basins using the GEFA. To ease the burden of figures, we only show spatial patterns from EOF analyses of monthly SSTs (Fig. 1) , as we have noted a large resemblance in the monthly pattern for all the seasonal SST forcings discussed below. Our discussion starts with the forcing of the tropical Pacific given that its impact is the most understood to date.
a. Tropical Pacific teleconnective forcing

1) ENSO MODE
The leading EOF pattern of tropical Pacific SST (TP1; Fig. 1a ) is the classic ENSO mode explaining 58% of the total monthly variance. It is generally accepted as being self generated in the tropical Pacific Ocean-atmosphere coupled system (Anderson et al. 1998 ) and of a worldwide climate consequence through atmospheric teleconnection (Alexander et al. 2002) . The ENSO impacts U.S. precipitation during its summer growing season and early winter maturing season by sending out Rossby wavetrains and hence altering the atmospheric circulation (Seager et al. 2005a,b) . In summer, Rossby wavetrains are established with an anomalous high sitting over northern North America (Fig. 2a) as a response to the cold phase of ENSO or La Niñ a events. The associated weaker westerly jet over the northern United States is adverse to storm activity, resulting in an overall dry condition in the northern tier of the United States from the Pacific Northwest (PNW) to the Great Lakes (Fig. 2b) . The precipitation deficit is largest in the northern Midwest (MW; over 1 cm month 21 ), probably because of the additional drying effect of the decreased northward moisture transport associated with the weakened Great Plains lowlevel jet (GPLLJ) (Fig. 2a) , whereas in the Atlantic coastal area increased precipitation may result from enhanced moisture transport from the ocean (Fig. 2b) . Our GEFA essentially reproduces the summertime pattern of ENSOinduced precipitation as demonstrated by Ting and Wang (1997) using lagged singular value decomposition (SVD) analysis.
In early winter, La Niñ a events likely excite equivalent barotropic wavetrains over the Pacific and North America (Fig. 2c) . Accordingly, the jet stream is displaced northward over the central United States, disfavoring synoptic storms and thus precipitation over the Southwest and Great Plains (Fig. 2d) .
Overall, our assessment of the impacts by Pacific ENSO mode is qualitatively consistent with previous ENSO studies in the sense that the induced precipitation anomalies are concentrated over the Southwest, the Great Plains, and the southernmost tier of the United States in early winter (Ropelewski and Halpert 1996) , and over the northern United States and Atlantic coastal area in summer (Mo et al. 2009 ).
2) TROPICAL PACIFIC MERIDIONAL MODE
Explaining 12% of the monthly variance, the second EOF mode of the tropical Pacific SSTs (TP2; Fig. 1b ) resembles the Pacific meridional mode (PMM; Chiang and Vimont 2004) showing a thermal contrast between the northern tropical Pacific and eastern equatorial Pacific. It is potentially maintained by a positive feedback between surface winds, evaporation, and SST (WES) feedback (Xie and Philander 1994; Chiang and Vimont 2004) . In the phase of positive meridional thermal gradient, the tropical Pacific meridional mode (TPM) tends to be associated with dry spells in a large area of the northern United States from the Great Plains to the northeast (NE) United States during late winter (Fig.  3b ), possibly through a negative North Atlantic Oscillation (NAO)-like change and the associated amplified wave pattern of the North American jet (Dai et al. 1997; Enfield et al. 2001; Notaro et al. 2006b) (Fig. 3a) . The northerly anomalies across the eastern United States are conducive to the intrusion of dry continent air from Canada, which disfavors precipitation in the eastern United States, northern Great Plains (NGP), and the Midwest. In summer, the TPM is associated with an anomalous low over northern North America and an anomalous high over the eastern United States (Fig. 3c) , which indicates an intensified North American jet and a strengthened GPLLJ. Increased synoptic storms and enhanced moisture transport from the south could be expected to produce copious precipitation over the U.S. Midwest (Fig. 3d) .
Compared to the ENSO mode, the impact of TPM is found in different U.S. regions during winter, whereas both modes may affect the northern Midwest in summer. Hence, the summertime ENSO effect could be magnified or reduced depending on the phase of TPM.
b. North Pacific downstream forcing
The North Pacific has been suggested to affect the U.S. precipitation by modulating the Pacific storm track activity that is intimately connected to U.S. precipitation (Ting and Wang 1997; Barlow et al. 2001; Castro et al. 2001) . Here, the impact of leading North Pacific modes is evident over some U.S. regions but not so for the whole United States (not shown), as determined by the field significance test. The Atlantic SSTs influence conterminous continents, in particular, North America and Europe (Enfield et al. 2001; Sutton and Hodson 2005; Wang et al. 2006 Wang et al. , 2007 Schubert et al. 2009; Weaver et al. 2009 ). The tropical Atlantic is generally regarded as a more plausible source than the North Atlantic for U.S. precipitation variability (Cook et al. 2007) , in that tropical SST anomalies are usually more effective at inducing changes in large-scale atmospheric circulation, from both theoretical (Hoskins and Karoly 1981) and numerical experimental viewpoints (Kushnir et al. 2002) . However, there is building evidence for extratropical ocean feedbacks to the atmosphere (Czaja and Frankignoul 2002; Liu and Wu 2004; Frankignoul and Sennechael 2007; Liu et al. 2007; Zhong and Liu 2008) , hinting at a possible role of the North Atlantic Ocean in generating U.S. precipitation variability. Of specific interest in this subsection is the relative importance of the tropical Atlantic and North Atlantic forcing.
1) NORTH ATLANTIC TRIPLE MODE
The tripole mode is the second leading EOF of monthly North Atlantic SSTs (NA2; Fig. 1f ), explaining 19% of the total variance. It arises primarily as a result of the NAO forcing, with a one-sign anomaly in the western central North Atlantic and an opposite sign to the Northeast and Southeast (SE; Wallace et al. 1990 ). The North Atlantic triple mode (NAT) appears to promote precipitation in spring over the northeast United States (Fig. 4b) , likely with the help of low-level southwesterly anomalies across the eastern United States (Fig. 4a ) that transport moisture from the south. The NAT is able to feedback to the atmosphere by generating a positive NAO-like response (Fig. 1a) . Dark-and light-gray shading indicates geopotential height and precipitation responses that are significant at the 90% and 85% confidence levels, respectively. in early winter (Czaja and Frankignoul 2002) , but it has no significant effect on U.S. precipitation (not shown). As previous studies (Dai et al. 1997; Notaro et al. 2006b) have shown the associations between NAO and precipitation variability in the eastern United States during fall and winter, our result implies the importance of structural details of a NAO-like change for U.S. precipitation response.
2) TROPICAL ATLANTIC MERIDIONAL MODE
The tropical Atlantic meridional mode (TAM) is the second leading EOF of tropical Atlantic SSTs (TA2; Fig.  1h ) and has a dipolar structure with predominant loadings in the northern tropical Atlantic (Chang et al. 1997; Xie 1999; Xie and Carton 2004) , explaining 25% of the total monthly variance. Like the TPM, it could be maintained by the WES feedback. The GHT responses in early winter are barotropic, characterized by a zonal dipole pattern over the North America (Fig. 5a) , indicating an amplified ridge-trough pattern that may facilitate the intrusion of the Canadian continental dry air into the central United States and thus result in an anomalously dry condition (Fig. 5b) . The anomalous high over western North America (Fig. 5a ) is associated with a weaker westerly jet over the southwestern United States and hence is adverse to storm activity and precipitation (Fig.  5b) .
The U.S. precipitation response to tropical Atlantic SSTs has more distinctive geographic features and seasonality than that of northern Atlantic SSTs. The tropical Atlantic forcing appears to be most effective in winter, whereas the northern Atlantic forcing is more important in warmer seasons.
d. Remote forcing of tropical Indian Ocean
While the tropical Indian Ocean is long recognized as influencing precipitation variability over the adjacent land area, its far-reaching impact has not been widely studied until the finding of Hoerling et al. (2001) on a potential linkage to the NAO. Recently, Wen et al. Fig. 2 , but for JFM and JAS responses to the forcing of the second SST EOF in the tropical Pacific, that is, the tropical Pacific meridional mode (Fig. 1b) .
FIG. 3. As in
(2010) suggested that the tropical Indian Ocean might be as effective as the tropical Pacific at inducing changes in the global atmospheric circulation. Modeling studies by Schubert et al. (2004) and Wu and Kinter (2008) further argued that the tropical Indian SSTs have substantial impact on medium and long-term U.S. dry conditions. Here, we investigate the role of the tropical Indian Ocean at influencing U.S. precipitation variability. The tropical Indian Basin mode (TIB; Schott et al. 2009 ) is the first leading EOF of tropical Indian SSTs (TI1; Fig. 1i ), explaining 46% of the total monthly variance. It arises mainly from changes in surface heat fluxes associated with Pacific ENSO variability (Wallace et al. 1998; Venzke et al. 2000) . Lagging Pacific ENSO by a season, it tends to peak in late winter and persist into spring (Deser et al. 2010) . It has been suggested that SST variability in the tropical Indo-Pacific could excite circumglobal wavetrains in the extratropics (Branstator 2002) . Here, the TIB is associated with an anomalous low and northeasterly anomalies over the eastern United States in spring (Fig. 6a) , which indicates weaker GPLLJ and decreased moisture transport from the Gulf of Mexico in favor of a precipitation deficit in the northwest, southeast, and northeast United States (Fig. 6b) . As a concomitant mode, the TIB could extend the ENSO's influence into spring.
For the United States as a whole, the tropical Pacific SSTs seem to have the greatest consequence, agreeing with Cook et al. (2007) . For regional precipitation, the relative importance of SST forcings may be different (Fig. 1f) . Dark-and light-gray shading indicates geopotential height and precipitation responses that are significant at the 90% and 85% confidence levels, respectively. Fig. 4 , but for OND responses to the forcing of the second SST EOF in the tropical Atlantic, that is, the tropical Atlantic meridional mode (Fig. 1h) .
FIG. 5. As in
and seasonally dependent. In the following section, we proceed to examine the ocean-U.S. connection but from an alternative perspective of U.S. regional precipitation.
SST forcings for U.S. regional precipitation
We examine the SST mode forcings on seasonal mean precipitation in six U.S. regions: the Southwest and southern Great Plains (SWSGP), Pacific Northwest, northern Great Plains, Midwest, Northeast, and Southeast (Fig. 7) . As for the U.S. response, we conduct a field significance test for the regional response, that is, a subset of B. To get the overall precipitation response in each region, we repeat the calculation of (1) and (2) but using the six time series of regionally averaged precipitation for the atmospheric field. The newly derived regional response is also subject to a statistical significance test using the Monte Carlo bootstrap approach. The regional response, or the corresponding SST forcing, is declared as significant only if this test and the field significance test both indicate so. The response is in close proximity with that obtained by simply averaging over each region the gridded response as shown in Figs. 2-6 , attesting to the FIG. 6 . As in Fig. 4 , but for AMJ responses to the forcing of the first SST EOF in the tropical Indian Ocean, that is, the tropical Indian basin mode (Fig. 1i) .
FIG. 7. Schematics of the six U.S. regions: SWSGP, PNW, NGP, MW, NE, and SE. Monthly climatology of the regionally averaged precipitation (cm month
21
) is shown in the bar charts.
robustness of our assessment. We further reconstruct the seasonal mean time series of regionally averaged precipitation P r (t) using those significant SST forcings only, such that
where B c is same as B but with those insignificant response coefficients replaced with zeros, and S m (t) is the six time series of regionally averaged seasonal SST. To quantify the gross oceanic impact on seasonal mean precipitation, we perform linear correlation of the reconstructed and actual time series, and the square of correlation coefficient gives the fraction of precipitation variability that may be oceanically induced. Among those significant SST forcings, the one with the largest response can be viewed as having the largest impact on the regional precipitation.
To facilitate the comparison with previous studies on ENSO impact, we show in Fig. 8 the EFA response to the Pacific ENSO mode, which can be derived by Eq. (4) or using Eq. (2) but with a sole SST index-the ENSO mode in this case. It is mathematically equivalent to the response obtained by the atmosphere-lagged regression with the damping of SSTs taken into account (Zhong and Liu 2009) , and it largely captures the features of ENSO impacts revealed by previous studies. Physically, the EFA response to the Pacific ENSO mode can be interpreted as a mixture of responses to global SST anomalies that are associated with the ENSO, whereas the GEFA is a decomposition of the EFA response ).
a. SWGSP
The Southwest and southern Great Plains is likely the region that is most susceptible to oceanic influence, with over 20% of wintertime precipitation variance attributable to SST forcing (Table 1 ). The major SST forcing appears associated with the ENSO cycle, consistent with the notion that La Niñ a produces dry winters in the (Fig. 1a) . Dark-and light-gray shading indicates responses that are significant at the 90% and 85% confidence levels, respectively.
southwest United States and the Great Plains (Ropelewski and Halpert 1986; Andrade and Sellers 1988; Gutzler et al. 2002; Sheppard et al. 2002; Mo et al. 2009 ). Our GEFA results further suggest that the major forcing is delivered by Pacific SSTs in early winter and relayed by tropical Indian SSTs, with tropical Atlantic SSTs playing a minor role. It agrees with the finding of Cayan et al. (1998) that the precipitation variability over the Southwest is connected to global tropical SST forcing in all three basins. The oceanic influence is less appreciable in spring and summer, when local land processes probably dominate the precipitation variability (Hu and Feng 2002) .
b. PNW
The PNW is one of the regions that may experience the least oceanic influence, with the largest (13%) precipitation variability explained by SST forcing in spring ( Table 2 ). The wetter-than-average springs are associated with warm anomalies in the tropical Indian Ocean and/or the negative phase of North Pacific meridional mode (Bond et al. 2003; Lau et al. 2004) , that is, a relaxed meridional thermal gradient in the western North Pacific (Fig. 1d) . Cayan et al. (1998) also found the ''Northwest'' precipitation mode is affected by SST anomalies in the tropical Indian Ocean and North Pacific but with a reversed sign or different spatial pattern. Inspection of their precipitation patterns, however, suggests that the ''Wyoming'' precipitation mode, rather than the Northwest mode, better matches with our PNW pattern, as in Fig. 6b .
It has been suggested that La Niñ a favors wet winters in the PNW (Ropelewski and Halpert 1986; Mote et al. 2003) , which is evident in the EFA response to the ENSO (Fig. 8d) but insignificant in our GEFA response (Fig. 2d) . The reason could be that the anomalously wet conditions result from the combined effects of tropical and North Pacific SST anomalies associated with the ENSO events, and that either effect alone is indistinguishable from background noise. It holds true for additional GEFA calculation using only the ENSO and PDO (Fig. 1c) as input SST indices (not shown). A hint is that our GEFA assessment likely underestimates the oceanic-induced fraction of precipitation variability since it does not account for the combined effects of insignificant SST forcings.
c. NGP
The NGP is subject to oceanic influence during the winter half-year, especially in late winter when 20% of precipitation variability is associated with the tropical Pacific meridional mode and Atlantic Niñ o mode (Table  3) . No significant ENSO impact is detected in warm wet seasons, disagreeing with Ting and Wang (1997) and Bunkers et al. (1996) , who both argue that El Niñ o produces abundant summertime precipitation. Noticeably, this summertime ENSO impact is also absent in the EFA response (Fig. 8c ).
d. MW
Oceanic impact on MW precipitation appears to maximize in late winter and summer, explaining about 15% of the total variance (Table 4 ). The tropical Pacific leads the SST forcing, with a minor role in the North Atlantic. It is consistent with Booth et al. (2006) and White et al. (2008) , who showed that the MW precipitation is affected by tropical Pacific and North Atlantic SSTs.
e. NE
The NE is most likely affected by SST forcing during late winter and spring, when 13%-25% of the total precipitation variance may be oceanically induced (Table 5 ). The late winter dry spells could be linked to the tropical Pacific meridional mode through a negative NAO-like Griffiths and Bradley (2007) that La Niñ a favors belowaverage consecutive dry days. Instead, La Niñ a is found to promote precipitation in early winter yet contribute little to the total variance, which is possibly due to the counteractive drying effect of a cold tropical Indian Ocean.
f. SE
Oceanic influence on SE precipitation is most evident in spring, when SST anomalies in the tropical Indian Ocean likely produce 16% of the total variance with the aid of Pacific SST anomalies. The influence of the Pacific ENSO mode is small on the regionally averaged precipitation. Previous studies suggested that La Niñ a favors the wintertime dry condition in the southernmost SE and a wetter-than-average summer in the Atlantic coastal area (Ropelewski and Halpert 1986; Montroy 1997; Roswintiarti et al. 1998) , which is confirmed by the EFA response in Fig. 8 . However, these ENSO effects are not as significant in our GEFA response (Fig. 2) , indicating a possible underestimation of oceanic-induced precipitation variability here. Combined with the neglect of additive effects by insignificant SST forcings, and that higher-order SST variability modes may also impact U.S. precipitation, it suggests that our GEFA assessment might in effect obtain a lower bound for the oceanic-induced fraction of U.S. precipitation variability.
All the precipitation responses shown in Tables 1-6 are derived by Eqs. (1) and (2), with t 5 1 month for SST leading time. The adoption of t 5 2 months yields generally consistent estimation for the 27 significant responses, as all but one of these responses maintains the same sign irrespective of t. For 22 (24) out of the 27 responses, the response magnitude derived with t 5 2 months falls within a range of 0.5-2 (0.4-2.5) times of that with t 5 1 month. Using the modified SST EOF domains or data of the subperiod 1960-99 yields a response magnitude within 0.5-2 (0.4-2.5) times of those shown here for 26 (27) out of the 27 responses, while all maintaining a same sign. The reasonably stable results are rather encouraging for our effort to assess the global oceanic impact, given the high noise level of land precipitation variability, that is, the general governance by internal atmospheric variability.
Summary and discussions
To illuminate global oceanic influence on the U.S. precipitation variability, we examine the response patterns of U.S. precipitation to the leading EOF modes of regional SSTs within a unified framework. Our assessment unveils new features of global ocean-U.S. linkages while confirming some previously established key components. The Pacific ENSO influence is notable over the northern United States in summer and over the Southwest and Great Plains in early winter, in accordance with previous knowledge. In addition to these direct impacts, the ENSO may exert a secondary influence as the ensuing tropical Indian SST anomalies tend to be associated with significant precipitation response over the southwest United States in late winter and the Pacific Northwest and eastern United States in spring.
The TPM is shown for the first time to have a significant impact on U.S. precipitation. With warm SST anomalies in the northern tropical Pacific and cold anomalies in the eastern equatorial Pacific, the TPM may be connected to dry conditions in the northern tier of the United States from the Great Plains to the Northeast during late winter. The TPM effect is also observed in summertime precipitation, as evidenced by the wet anomalies concentrated in the U.S. Midwest.
The North Pacific SST variability is associated with a springtime precipitation response over the Northwest, Midwest, and Southwest; however, the response magnitudes are dwarfed by those associated with the tropical Indo-Pacific forcing. This assessment is in line with Cook et al. (2007) , but it disagrees with Wang and Ting (2000) , who found North Pacific SSTs more important for U.S. precipitation variability. Insights have also been achieved regarding potential Atlantic forcing on U.S. precipitation variability. The tropical Atlantic forcing appears to be most effective in winter, with the TAM favoring dry conditions over the Southwest and Great Plains in its positive phase (with positive meridional gradient). The northern Atlantic forcing is likely more important in warmer seasons with the NAT's contribution to the Midwest and Northeast precipitation variability.
Of the six U.S. regions, the SWSGP and Northeast are likely the most influenced by SST forcing, whereas the Northwest and Southeast may be the least affected. The global ocean explains over 20% of the precipitation variability in the SWSGP throughout the cold seasons and in the northern Great Plains and Northeast during late winter. It indicates that oceanic forcing on U.S. precipitation is most important in winter. Our assessment of global ocean-U.S. linkages provides an observational benchmark for the calibration of model performance. To reproduce the ocean-U.S. linkages, the models are required to realistically simulate both global SST variability and the concomitant impacts on U.S. precipitation. The utility of the GEFA in distilling the significant SST forcings poses it as a plausible statistical tool for forecasting U.S. precipitation, which is a subject of future work. Note that our assessment is based on observations for 1950-99. As the ocean-U.S. connection is possibly time evolving (Hu and Feng 2001; Seager et al. 2009 ), it might exhibit different geographic features or seasonality during other time periods.
Finally, we stress that this work is not a mechanistic study but rather an observational diagnostic study of global SST-U.S. precipitation linkages. It does not answer why the SST modes force certain GHT response patterns in the first place. Neither does it exclude other physical explanations for these linkages. In some cases, more than one process may be responsible for the precipitation response. For instance, La Niñ a may produce a summertime dry condition in the northern Midwest by weakening both the upper-level westerly jet and lowlevel GPLLJ. A weakened westerly jet tends to suppress storm activity and precipitation while a weakened GPLLJ likely transports less moisture into the Midwest. To see their relative contribution to the dry anomalies, more quantitative moisture budget analyses are needed, which are beyond the scope of this work. On the other hand, dynamical experiments could be conducted to shed light on the mechanism of GHT response, and moreover, to investigate the accuracy of the GEFA as done in the previous studies Notaro and Liu 2008; Zhong and Liu 2008) .
